Thoracic surgery impairs respiratory function, resulting in a high risk of postoperative pulmonary complications which are the major causes of morbidity and mortality. [1, 2] The incidence of postoperative pulmonary complications has been reported to vary between 5 and 80%, accounting for the majority of the expected 3 to 4% mortality rate. [3, 4] Postoperative pulmonary complications following thoracic surgery are related to impaired diaphragm, decreased chest wall motility, pain, ineffective cough, and immobilization. [5] [6] [7] In clinical practice, the majority of patients are initiated physiotherapy on their first postoperative day with common treatments, such as breathing techniques, cough/huff, and walking exercises. [8] However, it is difficult for these patients to effectively concentrate on such treatments due to pain and the sedatives taken during the early postoperative period. [9] Preoperative education is, thus, considered to be beneficial to improve compliance during the postoperative period and to avoid postoperative complications, although there is a limited number of studies in this subject in the literature. [10] [11] [12] In the present study, we aimed to investigate the effects of preoperative physiotherapy education on hospital stay and postoperative complications in patients undergoing thoracic surgery.
PATIENTS AND METHODS
This retrospective, cohort study was conducted at Dr. Suat Seren Chest Diseases and Chest Surgery Training and Research Hospital, Izmir, Turkey. The study was conducted in accordance with the principles of the Declaration of Helsinki.
A novel protocol was developed by the pulmonary rehabilitation unit and the thoracic surgery department. Before the protocol was developed, a physiotherapist visited the patients and performed the physiotherapy techniques on their first postoperative day on the ward and on subsequent days, if necessary; however, this was not routinely done in the intensive care unit.
After the protocol was developed, the thoracic surgery department referred all patients to the pulmonary rehabilitation unit, after the surgical council decision. During the first session in the pulmonary rehabilitation unit, the physiotherapist educated all patients and their families regarding the importance of early physiotherapy and exercise treatment before surgery, informing about the potential postoperative complications. The physiotherapist also instructed the patients breathing exercises, limb exercises, coughing, huffing, the active cycle of breathing techniques, and incentive spirometry exercises. She asked each patient to perform all of these activities at least once in the rehabilitation unit to ensure that he/she learned the exercises. The patients were, then, asked to perform the exercises three times daily on the ward, until the date of operation and to continue after surgery, starting as early as possible, particularly in the intensive care unit. Additionally, she provided an illustrated brochure to increase the patients' compliance with the physiotherapy program. On the first postoperative day, the physiotherapist visited the patients and applied treatments to meet the needs of each individual.
Six months after the protocol was initiated, we collected the data from the preoperative physiotherapy education protocol group (group 1) and compared them with group 2 which was consisted of patients in whom no preoperative education was given. We recorded demographic information, diagnosis, type of operation, length of hospital stay, postoperative complications, and the number of days between the date of education and operation.
Statistical analysis
Statistical analysis was performed using the PASW version 17.0 software program (SPSS Inc., Chicago, IL, USA). Descriptive statistics were expressed as median (interquartile range) or percentage (%). The normality of the data was evaluated using the Shapiro-Wilk test. The Mann-Whitney U test and chi-square tests were used to compare baseline characteristics and outcomes of two groups. The correlation analysis was done using the Spearman's correlation analysis. A p value of <0.05 was considered statistically significant.
RESULTS
Of a total of 96 patients, 84 (87.5%) were men and 12 (12.5%) were women with a male-to-female ratio of 7:1. The groups were similar in terms of age, gender and type of operation (p= 0.736, p= 0.076, and p= 0.106, respectively) ( Table 1 ). The number of patients with metastatic lung cancer was significantly higher in the preoperative physiotherapy education group (p= 0.031) ( Table 1) . Although shorter hospital stays with lower postoperative complications were found in the preoperative physiotherapy education group, the differences were not significant (p= 0.236, p= 0.227, and p= 0.721, respectively) ( Table 2 ). The postoperative complications among the patients are shown in Figure 1 . There was no significant differences in the types of complications between the groups (p>0.05) ( Table 2 ).
The median number of days between the date of education and operation was 4 (3-6.5) days in the preoperative physiotherapy education group (range 1 to 24) days. In this group, the number of days between the date of education and operation was negatively correlated with the length of hospital stay and postoperative complication rates (r=-0.547, r=-348) ( Table 3) .
DISCUSSION
In our study, we investigated the effects of a preoperative physiotherapy education protocol in patients undergoing lung surgery, and we found no significant decreases in the length of hospital stay or postoperative complications. However, there was a negative relationship between the number of days between the date of education and operation and the length of hospital stay and postoperative complication rates. Therefore, we found this conclusion to be interesting, as it indicates that the time of preoperative physiotherapy education is of utmost importance before lung surgery.
To the best of our knowledge, this is the first study to evaluate the relationship between the number of days between the date of education and operation and the length of hospital stay and postoperative complications. Sekine et al. [13] investigated prophylactic preoperative chest physiotherapy in lung cancer patients with chronic obstructive pulmonary disease, and found significantly shorter hospital stays. In the aforementioned study, the duration of preoperative physiotherapy was two weeks. However, in our study, the time before surgery was 4 (range 3 to 6.5) days, and the distribution had a wide range (1 to 24) days. This finding suggests that the In recent studies on preoperative rehabilitation, supervised training exercises were performed for 4 to 6 weeks, and these patients showed improved exercise capacity, fewer postoperative complications, shorter hospital stays, and improved quality of life. [14] [15] [16] [17] [18] [19] [20] Additionally, operations may be possible after pulmonary rehabilitation in patients who were inoperable due to the limited exercise capacity. [21] Despite the growing awareness of the importance of exercise training in the preoperative period, it is not realistic to include all patients in an exercise training in the clinical setting. Physiotherapists in the thoracic surgery department should, therefore, develop exercise prescriptions which are simple and cost-effective, and which are arranged according to the needs of the individuals considering its clinical benefits. In our study, before the protocol was developed, it was not possible to apply postoperative interventions to all patients for various reasons in our department of thoracic surgery. When patients were referred to other departments for screening, the physiotherapist was unable to visit them in the wards or practice any techniques. In addition, some patients were unwilling to do any exercises, in particular due to pain, on the first postoperative day. Therefore, this type of preoperative protocol may have several advantages for thoracic surgery departments with many patients and that do not have a physiotherapist on staff all day.
Consistent with the literature, the postoperative pulmonary complication rates were 9% and 10% in the protocol and control groups, respectively in our study. The most common postoperative complications following thoracic surgery are atelectasis, pneumonia, prolonged air leak, pleural effusion, hemothorax, and requirement for prolonged mechanical ventilation. [23] [24] [25] Although pneumonia is one of the most common postoperative complications after lung surgery, none of our patients experienced pneumonia.
On the other hand, the evidence for implementing physiotherapy treatment for patients prior to thoracic surgery is limited. The optimal exercise prescription for patients undergoing lung surgery has not been clearly established, yet. [25] Pursed-lip breathing, diaphragmatic breathing, ambulation, progressive shoulder and thoracic cage mobility programs, walking exercises, incentive spirometry, coughing, and huffing are common physiotherapy techniques. [8, 13] In the present study, we prescribed our protocol compatible with the literature, emphasizing the educational content about the reduction of shoulder range of motion and coughing due to the incisional pain following surgery, as well as the importance of early mobilization and extremity exercises in bed to prevent thromboembolic events and to improve functional recovery.
Nonetheless, this retrospective study has some limitations. First, we were unable to evaluate the lung function, pain, exercise capacity, shoulder range motion, or the quality of life and long-term outcomes of our patients. To provide group homogeneity, we chose lobectomy and pneumonectomy operations, which cause more lung impairment and postoperative complications. Second, we were unable to perform a subgroup analysis of the video-assisted thoracoscopic surgery operations due to our small sample size. Finally, we calculated the number of days between the date of education and operation rather than asking the patients' own exercise diaries. It is likely that the patients did not practice their exercises every day before surgery.
Although we educated all patients with high and low risks for postoperative pulmonary complications with the same protocol, we believe that certain patients with low exercise capacity and high risk of postoperative complications may need supervised exercise programs consisting of aerobic and progressive resistance training for 4 to 6 weeks, and they should be directed to a rehabilitation unit before the surgery. According to our clinical observations, this protocol increased our patients' motivation, courage, understanding, and compliance with the postoperative treatment. All started to their exercises, until we visited them on the ward following surgery.
In conclusion, based on our study results, preoperative physiotherapy education should begin as early as possible before surgery in patients undergoing lung surgery to reduce the length of hospital stay and to prevent postoperative complications.
